The along-axis continuity of the gravity anomalies is disrupted at a 75-m offset of the ASCT, suggesting that shallow feeders of lava to the surface may be segmented on a finer scale than the deeper crustal magmatic system. This initial study confirms the ability to conduct high-resolution, near-bottom, continuous gravity measurements from Alvin. It also provides important information on how the shallow crustal structure of a fast spreading mid-ocean ridge develops and how it varies with the surface morphology.
Introduction
Marine gravity measurements have been made from surface ships for 40 years [Worzel, 1959] and have been widely used to investigate the gross crustal structure and isostasy throughout the oceans. Surface ship gravity measurements are, however, limited in resolution by the several kilometers of water between the measurement site and source of the gravity anoma- 
Why Measure Gravity Near the Seafloor?
The water column effectively acts as a low-pass filter, which results in a loss of detail and of spatial resolution in gravity measurements collected at the sea surface. The gravity anomaly resulting from a two-dimensional feature of wavelength 3. falls off with distance above the source by a factor of e '2'wx equivalent to multiplication of the anomaly by e 'kz in the wavenumber domain), where z is the vertical coordinate, )• is the wavelength, and k is the wavenumber. Thus, not only is amplitude attenuated with increased distance from a source, but short-wavelength (high-wavenumber) components are preferentially attenuated.
The effects of increasing distance from a source in the upper oceanic crust can be seen in Figure 2 . Figure 
Instrumentation and Installation in Alvin and Data Acquisition
The Bell Aerospace BGM-3 gravimeter is commonly used for surface-ship marine surveys and is described by Bell and Watts [1986] . The meter was installed in Alvin's personnel sphere, taking care to isolate the various electrical components from the submersible hull and to insure that uninterrupted power could be provided to the meter at all times. Navigation for the dives relied on three bottom-moored transponders oriented along an east-west line -1.5 km south of the intended submersible traverses in each dive area (Figures 3  and 4) . For dive 2770 navigation we used an existing net of nonrecoverable transponders used for navigation in the Biological-Geological Transect, a time-series experiment located along a 1.3-km-long portion of the EPR crest between 9ø49.6'N and 9ø50.3'N [Shank et al., 1994; ]. Occasional navigation dropouts between Alvin and the transponders required interpolation of positions along short portions of a few dive tracks.
In order to assess the repeatability of underway gravity measurements, we placed benchmarks, numbered bucket lids (G1 -G17) with large scrap chain anchors, at fixed points o n the seafloor along east-west oriented traverses (Figures 3 and  4) . During the initial dive in each area we deployed the markers and sat at each site for 10-15 min after the meter had stabilized (average stabilization time was 3-5 min). On subsequent dives we continuously traversed the seafloor at average speeds of-1.0 knots within visual and photographic range of the bottom (3-7 m). Continuous gravity data were collected on each dive of the field program, both while traversing between fixed gravity stations on the seafloor and on dives where traverses were largely uninterrupted. Speed and altitude above the seafloor were kept as constant as possible on traverses across 
Data Processing
The 1-Hz output of a BGM-3 gravimeter must be low-pass filtered to produce a coherent signal. A 120-to 240-sec Gaussian filter is widely used for this purpose. The gravimeter output is the sum of the gravitational acceleration and any other vertical accelerations experienced by the meter. Surface ship vertical accelerations can be very large, but average to zero over the characteristic period of the wave motions (10-30 s), so the effects of ship motions are removed by the filtering [Bell and Watts, 1986 ]. However, a submersible has no imposed constraints to its motions. Vertical accelerations are not constrained to average to zero over any particular time in- (Figure 5d ). The raw gravity signal ( Figure  5c ) was determined by subtracting the submersible's vertical accelerations from the meter output. The raw gravity values were corrected for effects of variations in submersible depth (free-water correction), shape of the Earth (latitude correction), and the fact that measurements were made from a moving platform on a rotating Earth (E6tv6s correction), to produce freewater gravity anomalies (Figure 5b ). The free-water correction differs from the free-air correction in that it accounts not only for the difference in elevation between two observations, but also for the gravitational attraction of the slab of seawater between the two observation depths. As a result, the vertical gravity gradient in seawater is taken as 0.22242 mGal/m rather than the value of 0.3086 mGal/m commonly used for the free- Since signal and noise cannot be clearly separated on the basis of frequency (Figure 6 ), we applied a series of filters with successively longer wavelength cutoffs. The criterion used to determine the filter finally adopted was that quasiperiodic variations with wavelengths too short to be geologically possible were not visually apparent in the data. This is a subjective decision and it is almost certain both that some shorterwavelength anomalies have been removed and that some longer-wavelength noise is still present. Figure 7 shows the effects of filtering on the data by comparing the final filtered gravity anomalies for the Dive 2764 profile across the axis with the unfiltered gravity data from the same profile and with those data filtered using a different filter having a shorter wavelength cutoff. The anomalies present in the final data are also present at the same location in the two other data sets, demonstrating that the pattern and spacing of anomalies is not simply a result of the filtering process.
We are also confident that the anomalies in the filtered Over distances of >10 km the ASCT is sinuous in map view. On the basis of observations of the seafloor, this sinuosity arises from irregular surface collapse of the ASCT walls ]. Distinct changes in trough width occur principally at Devals. At these small fourth-order offsets the axial trough is discontinuous for short distances (<2 km) and/or its azimuth changes along small kinks and bends or short (<0.5-to 1-km) lateral en echelon steps [Langmuir et The free-water anomalies show variations on two very different scales. There is a long-wavelength component which arises from changes in depth so that overall shape of free-water gravity profiles resembles the corresponding bathymetry profiles (Figures 11a and llb) 
Bouguer Anomalies
The free-water correction accounts for the expected change in gravity with elevation resulting from the change in distance from the center of the Earth. It does not, however, account for the gravity effect of the corresponding change in the amount of mass between the observation point and a base level. As a result, the free-water anomalies show a correspondence to the topography (Figures 11a and llb ). An estimate of the density of the upper crustal rocks making up the topographic relief can be obtained from the relationship between free-air (or, in our case, free-water) anomalies and topography [Nettleton, 1939] . If the free-water anomalies arise primarily from topographic relief, then a plot of free-water anomaly against elevation will form a straight line with a slope given by 2riG(pc-pro), where Pc is the crustal density, Pro is the density of seawater, and G is the gravitational constant.
Plots 
Upper Crustal Density and Layer 2A
Although the density determined from the Nettleton [1939] density profiling technique is the effective upper crustal density from a Bouguer gravity viewpoint, it is not necessarily the actual density of Layer 2A. Any distortion of the gravity field on the same spatial scale as the bathymetry will influence the estimate of density. Stevenson and Hildebrand [1996] pointed out that a buried density interface which follows seafloor relief will increase the apparent density determined from the free-water gravity versus depth relationship. In particular, the Layer 2A-2B boundary is a density interface that roughly parallels the seafloor at a depth shallow enough to have a significant gravity effect. Since 
Bouguer Gravity Anomalies and the Structure of the Uppermost Crust
The main feature of the Bouguer anomaly profiles across the EPR axis is a series of small gravity anomalies a few hundred meters across with amplitudes of 0.5 -2 mGal (Figures 14a and  14b) . Density variations within the uppermost crust could arise from areas of collapsed and fissured terrain separated by somewhat higher density flows, or zones of intrusion and sub-.surface diking which fed volcanic eruptions at or near the axis. Fissuring and collapse are observed ] and gravity modeling (Figures 15a-15c) shows that lateral density contrasts arising in this manner may result in observable gravity anomalies. However, for realistic density contrasts and geometries the gravity anomalies are less than about 0.9 mGal. This suggests that although density variations due to fissuring and collapse could contribute to the observed gravity anomalies, they are unlikely to be the sole cause.
Large 
Summary and Conclusions
High-resolution, continuous underway near-bottom gravity anomaly data, which can be used to investigate the density distribution in shallow oceanic crust, can be obtained from a research submersible. We utilized a Bell Aerospace BGM-3 gravimeter mounted within the personnel sphere of DSV Alvin to collect gravity data at an altitude of-3-7 m above the seafloor along more than 35 km of track located on the crest and upper flanks of the EPR at 9ø31'N and 9ø50'N (Figures 3 and 4) . Gravity measurements along profiles up to 8 km long may be obtained on one dive (Figures 3, 4, 1 l a and 1 lb) . A comparison of gravity measurements obtained at fixed bottom markers and during underway traverses over the markers indicates that the repeatability of measurements made at the same location on different dives is about 0.3 mGal (Figure 12 ). Along-track spatial resolution of anomalies is about 130-160 m. The limiting factor on spatial resolution in these data is low-pass filtering necessary to remove high-frequency noise resulting from limitations on the precision and sampling rate of the pressure gauge depth data used to calculate the vertical motions of the submersible. Model studies suggest that modifications subsequently implemented in the Alvin data logging system will eliminate the need for the low-pass filtering and allow detection of shorter-wavelength gravity anomalies in future studies which use this technique.
The average upper crustal density obtained from the slope of the relationship between free-water anomaly and depth on the EPR crest varies significantly between 9ø3 I'N and 9ø50'N. We N (Figure 16b) . The coincidence of an offset in both the gravity anomalies and the ASCT, both of which may be related to dikes feeding eruptions at the axis, suggests that the shallow portion of the magma supply system (dikes through Layer 2A to the surface) may be segmented on a finer scale than the deeper magmatic system.
